Two dimensional gel electrophoresis (2-DE), isoelectric focusing (IEF) and agarose gel electrophoresis (AGE) were used to examine cerebrospinal fluid (CSF) and sera from 22patients with confirmed multiple sclerosis, 11 patients with probable multiple sclerosis and 20 control patients with non-inflammatory neurological diseases of the central nervous System (CNS). All of the 22 patients with confirmed multiple sclerosis showed abnormal patterns of oligoclonal IgG in all three methods. In the CSF from patients with probable multiple sclerosis, oligoclonal IgG was detectable in 18 percent with AGE, in 72 percent with IEF and 90 percent with 2-DE. No oligoclonal IgG was observed in subjects with non-inflammatory neurological diseases. Many artefacts in IEF, which lead to misinterpretation, are eliminated in the 2-DE System. Based on our observations and this study in particular, it is evident that some patients have IgG changes which can be detected only by 2-DE. The application of research-oriented 2-DE for routine clinical purposes is still limited by its cost and technical complexity. 
Introduction
geneity in CSF is an important aid for the diagnosis Examinätion of cerebrospinal fluid (CSF) is of poten-of multiple sclerosis, especially in early cases, but also tial value in searching for changes in neurological of other inflammatory diseases of the central nervous diseases, owing to its clinical availability and its close System (CNS). For demonstration of these so-called association with nervous tissue. Above all, the detec-oligoclonal IgG, agarose gel electrophoresis (AGE) tionofimmunoglobulinG(IgG)ofrestrictedhetero-is at present the most common procedure (l, 2).
However, one or more non-IgG bands appear sometimes in the region where oligoclonal IgG bands migrate, and this makes the evaluation of the AGEpattern difficult (3) . Isoelectric focusing (IEF) on polyacrylamide gel resolves many proteins better than AGE, including oligoclonal IgG's. Sometimes, 30 or more oligoclonal bands can be demonstrated at the cathodic side by this method. IEF has been said to be diagnostically superior to AGE (4), but even normal CSF and serum samples show several bands at the cathodic side on IEF if large amounts of IgG are applied (5) . This makes it difficult to distinguish between normal and pathologic protein patterns.
In contrast to AGE and IEF, two-dimensional electrophoresis (2-DE) on polyacrylamide gels (6) separates the immunoglobulins into light and heavy chains, because the first dimension is rtm under dissociating conditions. CSF from patients with inflammatory diseases of the CNS show an oligoclonal zone in the region of the Ig light chains on the 2-DE pattern (7 -9,19) . The novel immunoglobulins appear äs sharply edged spots because of their limited heterogeneity.
In the following study we used AGE, IEF and 2-DE to evaluate CSF specimens from patients with clinically definite multiple sclerosis, with probable multiple sclerosis and a control population of 20 with other neurological diseases.
Materials and Methods

Patients
The CSF samples were collected by lumbar puncture from patients treated at the Department of Neurology, University Hospital, Zürich. The patients included 22 clinically definite multiple sclerosis cases, 11 cases with probable multiple sclerosis, and 20 controls with other neurologic diseases. Cell counts were done by the Standard technique of the hospital laboratory. At the time of CSF examination by AGE, IEF and 2-DE, none of the patients had received any drug therapy that could influence the protein pattern.
Procedure
The samples were stored at -20 °C without preservatives. The CSF were concentrated 10-20 fold by air pressure ultrafiltration (Sartorius GmbH, Göttingen, F. R. G.) to a protein Content of 3 -6 g/l. The total protein concentration was measured by the Coomassie Blue Bradford Assay (Bio-Rad), äs described by Tracy (10) .
Agarose gel electrophoresis
For AGE we used commercial plates (Ready-System, Zurzach, Switzerland). After electrophoresis, the agarose slides were stained with Ponceau red.
Polyacrylamide isoelectric focusing
Thin layer IEF was carried out on a 2117 Multiphor (LKB). The gel size was 12. 5 13.0 cm with a thickness of l mm. They consisted of 40 g/l acrylamide and 20 g/l 3.5-10 ampholytes (Ampholines, LKB). The anolyte was l mol/1 phosphoric acid, the catholyte was l mol/1 sodium hydroxide. Fifteen microlitres of CSF sample was pipetted onto the Whatman paper wick (10 0.5 mm). Separation was carried out at 800 volts for 4 hours at 2 °C.
Two dimensional polyacrylamide gel electrophoresis
2-DE was performed äs described (9) . For first dimension IEF we used capillary gel colunis (14cm 0.15cm i.d.) with a 4 : l mixture of carrier ampholytes, pH ranges 3.5-10 and 5 -7. The anolyte was 40 mmol/1 phosphoric acid, and the catholyte was 100 mmol/1 sodium hydroxide. The Separation was done at 9000 V h. the second dimension was run in uniform 10% acrylamide gels, 1.5 mm thick.
Silver stain
The lEF-gels and the 2-DE gels were silver stained according to Oakley et al. (11) with some modifications (9) . After the rinse in silver diammine solution and water, each gel was immersed individually for 20 seconds in a 200 mg/1 solution of sodium thiosulphite. For photography we used a Polaroid CU-5 Closeup Land Camera System and Polaroid Land Film Type 665. The IEF patterns and the 2-DE patterns were evaluated by visual inspection.
Results
Figure l shows a typical IEF IgG pattern and a 2-DE IgG pattern from a normal CSF. Usually, we concentrated CSF 10 -20 fold to detect more easily the oligoclonal IgG. A comparison of the 2-DE patterns of concentrated and unconcentrated CSF revealed no qualitative differences. The polyclonal IgGs in IEF migrate over a wide pH ränge and they form a diffuse background without any sharp band ( fig.  l b) . In contrast to IEF and AGE, 2-DE separates the IgG into heavy and light chains (flg. l a). The IgG heavy chains at molecular weight 55000 are largely unresolved, whereas the polyclonal IgG light chains at molecular weight 23000 are separated in six subfractions äs previously described (19) . Discrete spots appear above the IgG light chain sub-fractions (figs. 1 -3). They are not removable by Staphylococcus Protein A and do not react with anti-kappa and anti-lambda antibodies (19) . These proteins, except one (no. 6), which is limited to CSF, are also found" in the corresponding serum. The serum proteins nos. 3 -5 and 7 are always detectable in CSF, whereas the two serum proteins nos. l, 2 are only sometimes found in CSF. Serum protein no. 8 is detectable in CSF depending on pH gradient stabilization in the alkaline region. It is important to know the positions of these eight spots, in order to distinguish them from oligocloiial immunoglobulins. The Identification of Figure 2 represents the IEF and the 2-DE pattern from a CSF of a multiple sclerosis patient. The newly appearing polypeptides in the oligoclonal zone on the 2-DE gel were identified s immunoglobulin light chains by electroblotting to nitrocellulose paper and staining with anti-kappa and anti-lambda antibodies coupled to peroxidase. The corresponding sera were normal. The polyclonal light chain background in CSF was in all cases strongly expressed. Each patient's oligoclonal pattern was unique and did not change over the course of a patient's disease (9). We did not find a specific oligoclonal zone (i. e. number of oligoclonal IgG), which correlated to duration or degree of disability. Of great interest are the CSF from patients with probable multiple sclerosis. They were analysed by AGE, IEF and 2-DE. In two cases only, we found an elevated CSF γ-globulin on AGE and an analogous increased IgG index. Of significance is a comparison between IEF and 2-DE. Eight out of eleven probable multiple sclerosis cases displayed oligoclonal bands by IEF, however, in two cases, the bands appeared quite faint. All IEF gels were stained by silver diammine. Immunoperoxidase staining, which highlighted the IgG bands, was omitted. In contrast to IEF, 10 out of 11 patients showed a clear oligoclonal zone on the 2-DE gel, which points to an immunoreaction in the CNS. One case with an oligoclonal zone on the 2-DE gel, but no oligoclonal bands in the corresponding IEF gel, is demonstrated in figure 3 . In one CSF from a patient with a probable multiple sclerosis we were not able to detect oligoclonal Ig with any of the three electrophoretic techniques.
Discussion
The main reason in neurology for analysing CSF and the corresponding serum with an electrophoretic technique is to detect any oligoclonal IgG that are not found in serum or "normal" CSF. The detection of oligoclonal IgG is important in the diagnosis of multiple sclerosis, especially in early or a non-typical cases. A simple and reproducible technique is AGE, which is often sufficient for identifying CSF oligoclonal bands. In all cases with clinically defined multiple sclerosis we were able to find a clear sub-banding in the increased CSF γ-globulin fraction on the agarose gel, and in parallel on oligoclonal zone on the 2-DE gel.
It is of great interest to compare the results from 2-DE and IEF. IEF has a much higher resolution capacity than AGE. This makes it useful for research work, but difficult to use in routine diagnostic work, s it may be difficult to distinguish between normal and pathologic protein patterns (13 In two cases with presumptive multiple sclerosis, only the 2-DE System showed positive findings. Similar results have been described by Harrington et al. (7), who detected oligoclonal IgG in two patients with clinical features of multiple sclerosis with 2-DE, but not with IEF. Perhaps the IgG were too basic for IEF gels; the IgG wo ld then migrate into the cathode wick and had be removed from the gel. In the 2-DE System, the IgG light chains are separated from the heavy chains. The light chains in the isolated state probably have less basic properties and are well separated in the first dimension.
Our results show that the diagnostic value of 2-DE is better than that of AGE and IEF. Many artefacts occurring in IEF, which can lead to misinterpretation, are eliminated in the 2-DE System. Especially in limiting cases with very faint oligoclonal bands on the IEF gel, the results from 2-DE are more unequivocal. Also in blood-contaminated CSF-samples, oligoclonal IgG are much better detectable by 2-DE than by IEF. On the other band, 2-DE is of great research value and its application to routine clmical analysis is still limited by the expense and the Technical difficulty.
